Emotions are experienced both in real and virtual environments (VEs). Most research to date have focused on the content that causes emotional reactions, but noncontent features of a VE (such as the realism and quality of object rendering) may also influence emotional reactions to the mediated object. The present research studied how noncontent features (different reverberation times) of an auditory VE influenced 76 participants' ratings of emotional reactions and expressed emotional qualities of the sounds. The results showed that the two emotion dimensions of pleasantness and arousal were systematically affected if the same musical piece was rendered with different reverberation times. Overall, it was found that high reverberation time was perceived as most unpleasant. Taken together, the results suggested that noncontent features of a VE influence emotional reactions to mediated objects. Moreover, the study suggests that emotional reactions may be a important aspect of the VE experience that can help complementing standard presence questionnaires and quality evaluations.
INTRODUCTION P
EOPLE REACT with different emotions to most environmental stimuli. Auditory events are no exception. People feel fear when hearing the roaring of a tiger, get annoyed by the constant fan noise in the office, and may become elated when listening to their favorite music. To date, most research on virtual environments (VEs) has focused on high-quality realistic rendering of visual information, at the cost of a lagging development of auditory virtual environments (AVEs). However, an increasing number of researchers argue that naturalistic rendering of aural component of environments is also important to induce a sense of presence and realism. In spite of increased awareness and technical development to aid realistic rendering of aural objects in VEs, little in known about subjective effects of aural rendering. This article focuses on the notion that emotion is an integral component of the experience and evaluation of AVEs.
In both media research and in psychology, emotional reactions to various stimuli is a focal point of investigation. 1, 2 Even though the bulk of research has focused on the content that causes emotional reactions (e.g., pictures of spider or the howling of bears), [3] [4] [5] [6] other research suggest that noncontent features such as picture size, black and white versus color, and viewing distance are important for emotional reactions to visual stimuli. [7] [8] [9] [10] [11] [12] A similar argument can be made for aural rendering in VEs: not only the object content (a roar from a wild animal) may influence emotional Department of Applied Acoustics, Chalmers University of Technology, Göteborg, Sweden.
reactions, but also how the stimulus is rendered (loudness, spatial impression, and/or quality). The present research focuses on emotional reactions and judgments of everyday sounds (music and speech) in rooms with varying spatial quality (reverberation).
Emotions, ecological acoustics, and presence
Research in ecological acoustics suggest that, phenomenally, humans do not "hear" acoustic signals or sound waves-they hear events: the sounds of people and things moving, changing, beginning, and ending. 13, 14 In an attempt to separate the traditional cognitive and psychoacoustical view on sound perception with that of ecological acoustics, Gaver compared everyday listening (considered to be a typical situation) with musical listening (a special situation) as shown in Table 1 . 15 Traditionally, researchers in psychoacoustics focus on the left side of Table 1 . 15 Clearly, sensory qualities of sound are important aspects of auditory perception, but applied to VEs it may be argued that more emphasis is needed on realistic rendering and modeling of soundproducing sources as well as the whole virtual soundscape consisting of several sound sources. Up to date, most AVEs only used simple object sonification, without taking into account physical and environmental characteristics. 16 By increasing the level of aural rendering and physical modelling of the mediated object, it is likely that realism can be increased.
The notion of ecological acoustics is also related to the user's emotional reactions. So far, research and theorizing on the notion of telepresence has been construed mainly as a cognitive or behavioral construct. 17 For instance, Freeman et al. 18 defined presence as "the observers subjective sensation of 'being there' in a remote environment"(p. 1). However, some recent research suggests that emotions may be antecedents to a strong sense of presence. 19 Lombard and Ditton 20 acknowledged the different experiental systems involved in the presence experience with the definition that "presence is the perceptual illusion of nonmediation that involves continuous responses of the human sensory, cognitive and affective processing systems" (p. 9). For instance, it is likely a realistic aural rendering of a potential emotion-inducing event (roar of a tiger) will produce more intense fear reactions than less realistic rendering. Unquestionably, cognitive evaluations (it is a tiger that I am hearing) are also important. Following this, presence should be related to the intensity of emotional reactions induced by the virtual object as well as the cognitive evaluation of the object. 21 Consequently, higher presence, stronger affective reactions, and more favorable cognitive are all contributing to the overall experienced quality of the VR system or presentation. 22 Figure 1 outlines these components.
In Figure 1 , the process of rendering the real object, the auditory event (i.e., the soundproducing source in an environment) to a mediated representation is outlined. To achieve realistic rendering (box 2 in Fig. 1 ), the sound source must be modelled in terms of physical characteristics of the object (a person speaking) as well as the environment surrounding the object (the room). The present research concentrates on realistic rendering of single sound sources (music from single instruments and human speech) in enclosed spaces (concert halls). Moreover, a focus is on how ratings of emotional reactions covary with variation in 15 properties of the enclosed room (reverberation time). A focus on emotional reactions is motivated both by the fact that is so far received little attention, but also is potentially important for user evaluations of quality and presence 19 : a focus on noncontent features such as spatial rendering of virtual sound environments also seems warranted since more applications allow high-quality rendering of acoustic events.
As already suggested in Figure 1 , noncontent features of reproduced sound have been related to users' ratings of presence in AVEs. 23 A main factor contributing to presence is spatialized sounds. 24, 25 Spatialized sounds refer to the fact that humans hear in three dimensions. Spatialized three-dimensional sound in VEs, can be created by either advanced recording and reproduction techniques 26, 27 or by the use of real-time computer algorithms and digital signal processing (auralization). [28] [29] [30] In addition, digital signal processing is often added or convolved with the audio signal to enhance reverberation or mimic the acoustical reflection pattern of a source (e.g., speech, music) in a room. 31 Lombard and Ditton 20 reviewed the available empirical research concerning the effect of spatial sound on the sense of presence. They found mixed evidence for the assumption that increased spatial sound reproduction improve subjective presence. For instance, Reeves et al. 32 found no differences in presence ratings for monaural and Dolby surround sound decoding. However, Lombard and Ditton conclude that "Despite the lack of hard evidence, it seems likely that dimensional audio, at least in many circumstances, evokes increased presence." In support of this claim, Hendrix and Barfield 24 found that adding spatialized sound to a visual VE increased presence but did not increase the rated realism of the VE. Similarly, Larsson et al. 23, 25 found that introducing auralized sound mimicking the reverberation of the visual environment (a church) significantly increased ratings of presence as compared to a "flat" stereo reproduction. These results suggest that auditory presence increases as a function of spatialized or auralized sound. 28 However, the effect of spatialized sound on emotional reactions is much less researched. Bech et al. 33 showed that the quality by which a home theatre audio-vision system communicated emotions is essential to the evaluation and perception of sound and images. Väst-fjäll 21 showed that ratings of presence in AVE are significantly correlated with participant's self-reported emotion in response to music reproduced with various levels of spatial impression and reverberation. The present experiment aims at extending the findings reported by Västfäll 21 by studying how virtual reverberation (rather than real reverberation enhancement systems) influence emotional reactions. Furthermore, in contrast to Västfjälls' study, the present researched used emotionally neutral musical and speech excerpts.
Taken together, the overall aim of the present experiment was to test if different sound sources reproduced with different virtual reverberation times would influence ratings of emotional reactions, holding the visual input constant. 
Framework for assessment of emotional reactions and qualities
We conceptualize emotions in terms of dimensions. Recent research suggests that emotional aspects of stimuli may be closely associated with their pleasing and arousing qualities. 34, 35 According to pleasure-arousal theory evaluation of stimuli such as sounds, are characterized by a combination of the two dimensions of arousal and pleasantness (Fig. 2) . Affective judgments are conceptualized in a circular structure, where the majority of emotional experiences or affective reactions may be arranged around the circumference of the circle, and be adequately characterized in terms of their position relative to the arousal-quietness and pleasant-unpleasantness dimensions. For instance, boring sounds are perceived as having low arousal and low levels of pleasantness and would be located in the lower left quadrant of the circumplex. Affective states or evaluations similar in nature are positioned close to each other in the circumplex structure, while contrasting states or evaluations are positioned opposite to each other. Differences in intensities of affective states or evaluations are reflected as differences in placement along any given axis.
As shown in Figure 2 , the circumplex model of affect incorporates all possible affective evaluations as combinations of the two primary dimensions arousal and pleasantness. This theoretical model has been replicated empirically in several investigations and has been found to explain and predict judgment of the affective nature of naturally occurring sounds, 3 and environmental noise. 36 The idea that the subjective sense of presence in a VE is related to emotions can actually be derived directly from the affect circumplex. Presence has often been defined as feelings of interest, engagement and fascination, in addition to a sense of immersion and realism. The opposite of these words are states of boredom, indifference, and uninterest. These potential presence items can frequently be found in various scales intended to measure emotions and moods 34, 37 and actually form a separate measurement scale in the affect circumplex stretching from pleasant and high-arousal feelings (the upper right quadrant of Fig. 2 ) over neutral (the intersection of the pleasantness and arousal axes) to unpleasant and low-activation feelings (the lower left quadrant of Fig. 2 ). Thus, VEs that induce positive high-arousal feelings also should induce a strong state of presence, interest, and fascination, whereas feelings of unpleasant low-arousal feelings should not. The present experiment aimed at studying if different aspects of the auditory environment would be able to cause variation in the two dimensions of pleasantness and arousal.
We make a further distinction between emotional reactions and emotional qualities. 21, 38 Emotional reactions are states experienced by the person, whereas emotional qualities are the perceived emotional expression expressed in or by the object/stimuli. 38 In addition, preference ratings for different sounds were expected to be an evaluative measure of the perceived quality of the AVE. In agreement with previous research, we expected that preference for a sound is both related to the pleasantness and arousal inducing qualities of the sounds. 39 
PRESENT STUDY
The hypothesis to be tested was that experienced and expressed emotions in terms of pleasantness and arousal vary as a function of reverberation time. More specifically, we expected that high reverberation time, since it would be unnatural, or unrealistic in comparison to the visual stimuli (room size), induce most negative reactions, whereas medium and low reverberation are expected to induce more positive reactions. Further, preference ratings were expected to show a similar pattern. A similar hypothesis is offered for the emotion expressed by the stimuli: high reverberation should induce most negative evaluations in terms of expressed pleasantness and arousal. In addition, ratings of expressiveness are expected to be highest for medium reverberation since low reverberation is too "dry" to appropriately reflect a natural sounding sound source, and high reverberation is too "floating," so that it will mask information. Thus, for experienced emotions, high reverberation is expected to induce significantly more negative reactions in terms of pleasantness and significantly lesser levels of arousal than low and medium reverberation. The same prediction was made for expressed emotions, with the addition that medium reverberation would be judged to be most expressive. These hypotheses were tested in an AVE where 76 participants listened to one of three stimuli convolved in three different reverberation levels and for two different listening positions.
MATERIALS AND METHODS

Visual stimuli
The hall was modeled after an existing hall in the School of Music of Göteborg University. The concert hall (Fig. 3) seats an audience of 400 and is generally considered to have very good acoustic properties. Curved reflecting and diffusing panels are suspended over the stage in order to redirect and scatter the sound. In the back of the stage, there are also three sets of reflecting panels of which two can be moved to vary the spaciousness of the sound. These panels also serve as low-frequency absorbers.
A VRML model of the hall was made in the VRML-editor VR-Creator ( stereoscopic viewing and enhance movement action in the three-dimensional models, the EON Studio software, developed by EON Reality was used.
Auditory stimuli
The sound simulations were created in the auralization software CATT. These auralizations are based on geometrical acoustics using randomized tail-corrected cone-tracing (RTC) for the generation of the echograms. In CATT, omnidirectional sources were incorporated and size of the simulated room, source/ receiver position and reverberation time was simulated using VRoom. The size and source/ receiver positions were approximated from the CATT-models. Reverberation time was increased to correspond to a volume increase of four times the original size of the hall was used. 40 The following expressions were used to increase reverberation 41 :
S * a sab = Sr * ar + St * at (2)
Here St is the floor area, Sr the remaining surface areas of the room, and S the total surface area. V is the volume of the VRoom model, and V scaled is the scaled version. The surface areas were approximated so that V would be as close to the real volume as possible. The absorption a t of St and rt were determined using CATT. The reverberation times were calculated in octave bands from 125 to 8000 Hz (Fig. 4) . From the modified reverberation time, three different artificial reverberation levels were calculated; 20 dB (low RT), 30 dB (Medium RT), and infinitely damped relative the natural sound (High RT) and convolved with the sound stimuli.
Sound samples
The sounds used in the test were (1) male talker (a short excerpt from B&O CD, 41 (2) string quartet (a short excerpt where the reverberation tail is clearly audible from the Klausen quaretet 42 ), and (3) clarinet (a detailed sound that also reveals the reverberation properties of the room). The sounds chosen here were of very different character, to reveal different sorts of effects. All sounds were convolved for the three different reverberation levels and auralized for two different positions in the halls (one in the center of each hall and one near a side wall). Consequently, the total number of sounds to be assessed in the room was 18. All sounds were manually adjusted to equal loudness. 
Participants
Seventy-six undergraduates (52 male and 24 female) at Chalmers University of Technology participated on a voluntarily basis. Their mean age was 24.3 years (SD 3.4). They were compensated with 100 SEK (approximately $10 in U.S. dollars) for their participation.
Instrumentation
The experiment was carried out in a semianechoic environment. The equipment for this test was a standard PII computer with a Turtle Beach Montego sound card and an experiment test program. KOSS Pro 4AA headphones (closed model) were used for audio playback, amplified by a NAD 3020 Amplifier. For the visual input, participants used Shutter glasses and navigated in a VE presented in the program Eon viewer.
Rating scales
For emotional expression the following three questions were asked: (1) How expressive-expressionless is the musical piece? (expression scale). (2) How pleasant-unpleasant is the music piece? (pleasantness scale). (3) How lively-still or arousing-quiet is the musical piece? (arousal scale). For all ratings, a 0-100 scale was used, with positive/high markers (very pleasant, aroused) at 100 and negative/low markers (very unpleasant/still) at 0.
For emotional reaction, the following questions were used: (1) How pleasant-unpleasant do you feel right now? (2) How happy-sad do you feel right now? These measured the pleasantness dimension. The items aroused-quiet and active-inactive measured the arousal dimension. Finally, preference was assessed by asking how much the participant likeddisliked the musical piece.
Procedure
A mixed design was used. For the betweengroup factor, participants were either assigned to one music type: clarinet, quartet, or male voice. As a within-group manipulation, three levels of reverberation was used (low, neutral, high).
Participants arrived individually to the laboratory. Upon arrival, they were instructed on the use of the test program and were familiarized with the scales. Participants first listened to the two most different sounds and were instructed that they should adapt their ratings to this stimulus range. Then a trial block was run, where the emotion scales were explained. Participants made ratings in a questionnaire where all scales were printed. Participants used a computer program to listen to the different sound excerpts. After completion of all ratings participants were debriefed and thanked for their participation.
RESULTS
Participant ratings for affective qualities as well as affective reactions were submitted to separate analyses, with reverberation time as a within-factor and type of sound as a betweenfactor for the two positions. For affective reactions, the two-item tapping pleasantness and arousal, respectively, were aggregated to yield index variables (scales measuring the same dimension correlated 0.80-0.98 for the different sounds).
Expressed emotion
The ratings of emotion qualities for the different sounds on the three scales expression, arousal and pleasantness were submitted to analysis of variance (ANOVA) for the different positions and music type. The repeated ANOVAs (three levels of reverberation time) with between group factor (music type) for position 1 showed significant differences for the expression scale (F(2,74) = 3.63; p < 0.05) whereas the music type 2 reverberation time interaction was not significant (F(4,73) = 0.54; p > 0.05). Means are shown in Figure 5 , where it may be seen that medium RT receives the highest mean ratings for the talker and clarinet excerpts, but not the string quartet where low RT is slightly higher than medium, and significantly higher than high RT. The ANOVA for arousal yielded significant differences (F(2,74) = 11.94; p < 0.05), whereas the music type 2 reverberation time interaction was not significant (F(4,73) = 0.33; p > 0.05). The high RT receives significantly lower arousal ratings than medium and low RT. The pleasantness ANOVA showed a nonsignificant main effect on the three RT levels (F(2,74) = 1.62; p > 0.05), but the interaction was marginally significant (F(4,73) = 2.36; p = 0.06). As may be seen in Figure 5 , the low RT receives the highest mean ratings for the pleasantness scale.
The analysis of position 2 data revealed similar patterns; the repeated ANOVAs (three levels reverberation time) with between-group factor (music type) showed significant differences for the expression scale (F(2,74) = 7.25; p < 0.05), whereas the music type 2 reverberation time interaction was not significant (F(4,73) = 1.58; p > 0.05). Means are shown in Figure 6 , where it can be seen that medium RT receives the highest expression ratings and that high RT receives significantly lower ratings. Compared to the medium RT, low RT gets lower ratings, but this difference was only significant for the clarinet piece. The ANOVA for arousal yielded significant differences (F(2,74) = 11.94; p < 0.05), and the music type 2 reverberation time interaction was significant (F(4,73) = 2.49; p < 0.05). The pleasantness ANOVA showed a significant main effect on the three RT levels (F(2,74) = 19.40; p < 0.05), but the interaction was not significant (F(4,73) = 1.21; p > 0.05). As may be seen in Figure 6 , the high RT receives the lowest mean ratings for both the arousal and expression scale. For the pleasantness scale, low RT receives significantly higher ratings than medium and high RT over all musical excerpts.
Emotional reactions
The ratings of emotional reactions to the different sounds on the two aggregate scales, arousal and pleasantness were submitted to analysis of variance (ANOVA) for the different positions and music type. The repeated ANOVAs (three levels reverberation time) with between group factor (music type) for position 1 showed significant differences for the arousal scale (F(2,74) Table 2 . As may be seen in Table 2 , the ratings of affective reactions are significantly lower for the high RT condition than the two others for both pleasantness and arousal ratings. The analysis of position 2 data revealed similar patterns; the repeated ANOVAs (three levels of reverberation time) with between group factor (music type) for position 2 showed significant differences for the arousal scale (F(2,74) = 14.29; p < 0.001) with a significant music type 2 reverberation time interaction (F(4,73) = 4.83; p < 0.05). The ANOVA for pleasantness yielded significant differences (F(2,74) = 10.83; p < 0.05), whereas the music type 2 reverberation time interaction was marginally significant (F(4,73) = 2.49; p = 0.05). As may be seen in Table 2 , the ratings of affective reactions are significantly lower for the high RT condition than the two others for both pleasantness and arousal ratings, with exception for the string quartet, where no difference was found between low and high RT.
The preference ratings for both position 1 and 2 followed the general trend of pleasantness scales in that high RT was judged as least attractive. Over the positions and music types, only the difference between high RT and low/medium was significant. Pooling all observations across participants and all stimuli, preference ratings correlated 0.66 (p < 0.01) with pleasantness ratings and 0.40 (p < 0.01) with arousal ratings.
The present experiment showed that amount of perceived expressed and experienced emotion was significantly different depending on the reverberation time. The high reverberation time received the lowest mean ratings for expression, pleasantness, and arousal for both experienced and perceived affect. 
DISCUSSION
Taken together, the results confirmed the hypothesis that high artificial reverberation in the AVE induced significantly more unpleasant reactions than did medium and low RT. Interestingly, high RT also induced significantly lower levels of experienced arousal, a finding that may be interpreted as indirect evidence for the idea that presence is related to emotional experiences. According to Dillon et al., 44 experience of high arousal may be linked to the to ratings of intensity, engagement, and enhancement of experience. Likewise, research on information processing in real environments has found that interest and engagement are positively correlated with ratings of the arousal qualities of the environment. 45 Thus, arousal may prove to be an important aspect of the subjective sense of presence. In accordance with Dillon et al., we believe that there would be much to gain by investigating psychophysiological indices and the relation to ratings of presence. Evidence for the notion that presence should be related to both the pleasantness and arousal dimensions comes directly from the affect circumplex. According to the affect circumplex, arousal and valence dimensions combine into discrete affective states. Combining the arousal and pleasantness ratings suggest that, for low and medium RT, most participants experience states of pleasantness and high activation (i.e., the upper right quadrant of Fig. 2 ; marked by adjectives such as elation, interest, engagement), whereas for high RT, participants experience themselves as slightly unpleasant and low in activation (the lower left quadrant of Fig. 2 ; marked by adjectives such as bored, indifferent, uninterested). These results give indirect support for the hypothesis that presence is related to emotional reactions elicited in the AVE.
The present experiment primarily aimed at testing the hypothesis that different reverberation times would give rise to different emotional reactions. However future research should simultaneously measure emotions and presence to validate the potential relationship between the two affect dimensions pleasantness/arousal and ratings of presence. The present findings suggest that the emotion dimension stretching from pleasantness/high arousal to unpleasantness/low arousal may be a candidate for the measurement of "affective presence." Including a measure of emotional reactions in addition to existing presence questionnaire could improve our understanding of the antecedents of presence and the consequences of various aspects of the VE. To date several questionnaires for measurement of the arousal/pleasantness or similar dimensions exist. 34, 35, 37 Moreover, emotion questionnaires measuring these dimensions have been developed in many different languages. 34 In addition to verbal measures, several graphical scales for use in different cultures and subpopulations have been developed. 5 Obtaining ratings on measures of arousal and pleasantness is desirable for many reasons. First, pleasantness and arousal have different determinants and psychological meaning. The pleasantness dimension may be seen as an indication of the goodness-badness (hedonic quality) of the experience, whereas the arousal dimension may provide information about the intensity of the same experience. Moreover, arousal is often the result of rapid changes in the environment (unexpectedness of stimuli). Emotion psychology suggests that the pleasantness dimension provides the individual with a "go-no go" system. 46 If the individual is experiencing positive feelings, progress toward a goal is as expected and everything is fine, but negative feelings signals that something is wrong and that the individual needs to monitor the environment for potential threats. 46 In terms of physiological reactions, pleasantness is related to zygomatic and corrugator facial activity, whereas arousal is mainly linked to electrodermal activity. 5 Self-report on the two dimensions may therefore provide with information about the sign and magnitude of the experience as well as physiological processes.
In addition to emotional reactions, participants were requested to rate the attractiveness or their preference for the different RTs. The preference ratings closely followed both the arousal and pleasantness ratings, thus suggesting the evaluations of VEs are, in part, an affective process. 47 Previous research on evaluations of VE has mainly conceptualized the evaluative process as sensory or cognitive. 22 At the very least, the present findings suggest that evaluation of the VE covary with emotional reactions to the environment, a conclusion previously reached in environmental, 45 emotion, 34 and perception psychology. 21 Expressed emotions in terms of pleasantness and arousal were as expected, similarly affected as emotional reactions. Overall, the general pattern for all sounds was that expression was highest for medium reverberation, which in general can be seen as "optimum reverberation." 28 Similar results were obtained for the three different music types, but, at occasions, medium RT was considered as most expressive for one music type (clarinet) and not for another (i.e., string quartet). This shows that generic treatment of reverberation for different sound sources in AVEs is a difficult task for VR engineers. Moreover, it shows how sensitive listeners are to realistic rendering of the aural environment, a case that has long been argued in ecological acoustics. 13, 15 In an ecological approach to aural modeling of VEs, care must be taken to realistically model both the sound source and the environment the sound source is in. The present research has shown that, how modeling of the environment is done, will affect perception and evaluation. Implicitly, ecological acoustics also assume that presence or realism can be increased by modeling everyday listening. To date, most VE using sounds has focused both modeling and computer resources on "sound effects." In contrast, the present research used a auralization method that generally can be considered to be a sufficient representation of the real acoustic properties of the modeled halls, but the static nature of the auralization and the impossibility of fully interacting with the acoustic environment naturally decreases the realism. In order to improve realism, other aspects of the environment-e.g., listening events such as background noise from the audience, the ventilation system, outdoor sound sources-could be incorporated into VEs. Also, some kind of acoustical interaction (i.e., the listener is able to hear his/her own footsteps, how his/her voice sounds in the hall) would further amplify the feeling of "being there." Summing up, it was shown that participants reacted and evaluated the VE differently depending on the level of reverberation, while holding the visual input constant over different conditions. These results shows that aural rendering in the VE matters, even at the level of virtual rendering of the response of the environment (room). The finding that high reverberation received the least favorable reactions and evaluations can most easily be understood in terms of multimodal evaluation. The high RT sounded as a bigger room than participants saw. These findings also suggest that, in the design of a VE, care must be taken so that information in different modalities is congruent or matched.
Even though the visual information provides users with clues on what the sound environment should be like, an interesting question is the correspondence between the degree of realism of the visual rendering and that of the aural rendering. Ideally, in a VE all modalities that are rendered should be affected in the same way as in a physical environment. Today's computers and display/audio systems have not yet reached this level of performance, and before that stage is reached, we probably have to make sure that the degree of realism is equal for all components (visual, auditory, haptic) of the system in order to be able to claim that our test results correspond to results obtained from a real environment. An alternative could be to use some form of augmented reality (AR). For example, the subject could be placed in the real hall with a see-through head-mounted display and headphones. The sound could be auralized in the same way as in the present research but with the addition of head tracking. By using open headphones, background noise and acoustical interaction is naturally added to the presentation. The visual impression could be altered by adding objects such as speakers, avatar musicians, or other objects that would represent the sound sources. Future research comparing different levels of aural rendering in this way could use ratings of emotional reactions as indications of both presence and modality congruent effects.
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